Introduction
Midbrain dopamine neurons located in the SNC and VTA (Figure 1a, b) play key roles in a broad range of behaviours, and are implicated in regulating goal-directed behaviour and response to reward. In addition, dopamine is believed to be central to several clinical disorders, including PD, schizophrenia, drug addiction and attention deficit hyperactivity disorder [1] [2] [3] [4] [5] . Progress in our understanding of the role of the dopamine system in normal function and in disease states has been made on several fronts, including anatomical studies, neurochemical investigations and electrophysiological recordings. Indeed, crucial insights into their function have come from extracellular in vivo electrophysiological recordings. However, for such recordings to be applicable to the broad literature on the dopamine system, one must be confident that the neuron being recorded is indeed a dopamine-containing and -releasing neuron. Such an endeavour can be complicated when one must penetrate several millimetres into the brain with an electrode, and be able to segregate electrical signals coming from dopamine neurons from those arising from other cell types in the same brain regions (Figure 1c,d ). For example, midbrain dopamine neurons are located within the mesencephalon in regions including the SNC and VTA, which also contain GABAergic neurons and glutamatergic neurons. Although dopamine neurons represent the majority [around 70%, although there is subregional variation; GABA around 30%; and glutamatergic 2-3% in VTA only (see below for more detailed discussion)] [6-9], they are intermingled with neurons representing these other neurochemical types. Consequently, in order to draw valid conclusions relating to dopamine neuron activity, it is important to be confident that one is indeed recording from this specific neuron class.
To address this issue, a series of studies have established a method to identify putative dopamine neurons by their unique broad waveform characteristics, irregular or bursting firing pattern, and slow firing rate (Box 1). This approach Review Glossary Extracellular recording: this is the most technically-feasible approach that is available for reliably recording dopamine neurons in vivo, particularly in awake freely-moving animals (e.g. [13, 15, 16] ), including humans [78] . It allows for recordings of responses from single neurons as well as populations of neurons. Typically, only action potentials can be detected, which often limits recordings to spontaneously active neurons. Fluorescent targeting: brain slices can be prepared from mice expressing green fluorescent protein (GFP) in dopamine neurons [57, 58] . GFP-expressing neurons (identified with a fluorescence microscope) can then be selectively targeted with the recording electrode. Intracellular sharp-electrode recording: a sharp glass micro-electrode is used to penetrate the neuron and record the membrane potential and properties of the impaled neuron. By introducing substances such as dyes into the electrode solution, the neuron can be labelled intracellularly, which can be effective in neurochemically identifying the recorded neuron when combined with immunocytochemical localisation of a transmitter-specific substance (e.g. TH in the case of dopamine neurons). This is readily applicable to recordings in brain slices [51, 79] , and, although challenging, has been done to identify dopamine neurons in vivo [10, 35, 39, 80, 81] . Juxtacellular labelling: can be used to intracellularly label a neuron with a dye (usually neurobiotin) when recording extracellularly [41] . Current pulses modulate firing in the neuron, ensuring close proximity of the electrode to the neuron and ensuring that the tracer labels only the neuron that is being recorded. Allows for the correlation of extracellular activity with neurochemical identity, but is technically challenging and success rates can be low with dopamine neurons [24] [25] [26] [27] [28] [29] 40] . For this reason, it is essential that only cases in which a single neuron is labelled are used to prevent false positive identification. Optogenetic activation: optogenetic tools are genetically-encoded light sensitive proteins that can depolarise or hyperpolarise neurons [59] . Such genes can be selectively expressed in dopamine neurons thereby allowing the neuron to be definitively identified as dopaminergic based on its activation with a laser light pulse [60, 63] . Whole-cell recording: the most commonly used technique to record from dopamine neurons in brain slices. A tight seal is formed between the recording electrode and the neuron, followed by subsequent rupture of the membrane, allowing intracellular access for recording and labelling [33, 32] .
